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pBX6 is a recombinant plasmid containing a 3 kb fragment of insert D NA 
from Fibrobacter succinogenes S 85 genomic DNA which encodes 
xylanase activity. The recombinant plasmid pBX6 has shown xylanase 
activity when grown on RBB-xylan plates supplemented with ampicill in. 
Restriction mapping of the plasmid established the presence of single sites 
for EcoRI, Kpnl, Apal , Saci , EcoRV and Pstf. This work was focussed on 
nucleotide sequence determination of recombinant plasmid pBX6 
containing a xyJanase gene from F. succinogenes S 85. The primer 
walking strategy was performed to complete manual sequencing, fol lowing 
the protocol cycle sequencing of Sanger dideoxy chain termination. Custom 
synthesis primer was designed and constructed from 3' end of the 
preceding sequence on both strands. 
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The complete nucleotide sequence of plasmid pBX6 has been obtai ned 
which overlapped in complementary region. A total of nucleotide sequence 
of Pstl-EcoRI  DNA fragment has been determined containing bases 3227. 
Analysis of the whole nucleotide sequence revealed two putative Open 
Reading Frames (ORFs) i .e; ORF 1 and ORF 2. These ORFs were 
correspond with other microbial sequences encoding xylanase gene. The 
ORF 1 starts from bases 1 29 and ended at 1 364, whi le ORF2 stretchs 
from 1 776 to 3227 bases of the insert DNA. Each of the ORF was 
preceded by putative E. coli - 1 0  and -35 promoters. The ORF 1 was 
translated into a peptide of 4 1 1 amino acid residues, whereas ORF2 
translated into 483 amino acid residues, respectively. It was suggested that 
ORF 2 containing xylanase gene was slightly similar with xynC gene of F. 
succinogenes S 85. 
On the basis of amino acid sequence similarity on both ORF 1 and ORF 2, 
it was shown that the gene i nvolved in the xylan degradation is closely 
related to the component family 1 0  catalytic domains of glycosyl hydrolase. 
The translated product of amino acid residues was expected to have 
molecular mass about 45.6 kDa for ORF1 and 52.5 kDa for O RF2, with 
theoretical pi 4.73 and 5.26, respectively. The highest amino acid 
composition was g lycine, whilst the lowest was cystine. Total number of 
amino acids which showed negatively charged residues (aspartate­
g lutamate) was 1 1 7 residues, whereas total number of positively charged 
residues (arginine-lysine) was 86 amino acids. The strongest hydrophobic 
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region was observed at residues 255-256 amino acid of ORF 1 ,  and at 1 7-
1 8  amino acid residues of ORF2. There were found 7 cysteine residues 
and containing almost an equal amount of a-� helical structure in the 
sequence, that increase stabil ity of the protein product. The translated 
product also showed similarity with other prokaryotic xylanases, which have 
shown putative protein product ranging from 42% to 92%. The ORF 1 
resid ue of xylanase from F. succinogenes S 85 has showed homology with 
other bacterial xylanases such as Pseudomonas fluorescence and 
Butyrivibrio fibrisolvens, ranging from 57% to 94% while ORF 2 cluster 
together and showed homology ranging from 88% to 92% with xylanase 
from F. succinogenes S 85 (xynC, cmc-xyl) . 
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pBX6 ialah plasmid rekombinan yang mengandungi satu DNA selitan dari 
D NA genomik F. succinogenes S 85 yang mengkodkan aktiviti xilanase. 
Plasmid rekombinan pBX6 telah menunjukkan aktiviti xilanase apabila 
ditumbuhkan pada petri RBB-xilan yang ditambahkan dengan ampisilin .  
Pemetaan pembatas bagi plasmid telah mengasaskan kehadiran tapak 
tunggal untuk EcoRI , Kpn!, Apa!, Sacl, EcoRV dan Pst!. Kajian ini 
menumpukan perhatian pada penentuan jujukan nukleotida plasmid 
rekombinan pBX6 yang mengandungi gen xilanase dari F. succinogenes S 
85. Strategi 'primer walking' telah dijalankan untuk melengkapkan jujukan 
pBX6 secara manual dengan mengikuti kaedah jujukan rangkaian bagi 
'pengakhiran rantai dideosi Sanger'. Primer sintesis telah dirangka dan 
dibina daripada 3' hujung dari jujukan pendahuluan pad a kedua-dua rantai. 
J ujukan nukleotida penuh bagi potongan DNA Pstl-EcoRI telah ditentukan 
mempunyai 3227 bes. Penganalisaan pada seluruh jujukan nukleotida 
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memberikan 2 anggapan rangka bacaan terbuka (RBT) iaitu RBT 1 dan 
RBT 2. RBT ini berkenaan rapat dengan jujukan pelbagai mikroorganisma 
yang mengkodkan gen xilanase. RBT 1 bermula dari bes 1 29 dan berakhir 
pada 1364, manakala RBT 2 bermula dari 1776 dan berakhir pada 3227 
bes daripada DNA selitan. Setiap RBT didahului jangkaan promoter E. coli 
-10 dan - 35. Masing-masing RBT 1 telah ditranslasi kepada satu peptid 
yang mengandungi 4 1 1  asid amino, manakala RBT 2 telah ditranslasi 
kepada 483 asid amino. Dicadangkan bahawa ORF 2 mengandungi gen 
xilanase hampir sama dengan gen xynC dari F. succinogenes S 85 
Berdasarkan kehampirsamaan jujukan asid amino gen xilanase dari F. 
succinogenes S 85 pada kedua RBT 1 dan RBT 2, ditunjukkan bahawa 
gen yang terlibat pad a penguraian xilan berkenaan rapat dengan kumpulan 
domain katal itik keluarga 1 0  gl ikosil hidrolase. Secara teoritikal ,  produk 
translasi dari baki asid amino dijangka mempunyai jisim molekul sebanyak 
45.6 kDa untuk RBT 1 dan 52. 5 kDa untuk RBT 2, dengan masing-masing 
mempunyai pi 4 .73 dan 5.26. Kandungan asid amino yang paling banyak 
ialah gl isina, manakala yang paling sedikit ialah sistina. Jumlah baki asid 
amino yang bercas negatif (asid g lutamat-asid aspartat) ialah 11 7 ,  
manakala jumlah baki yang bercas positif ialah 86 asid amino. Kawasan 
hidrofobik yang paling kuat telah dijumpai pada asid amino 255-256 bagi 
RBT 1, dan pada asid amino 1 7- 1 8  bagi RBT 2. T erda pat 7 baki sistina dan 
mengandungi hampir sama jumlah struktur helikal a-{3 dalam jujukannya, ini 
meninggikan kestabilan produk protein. Produk protein juga menunjukkan 
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homologi dengan xilanase dari prokariot lainnya dan dijangka mempunyai 
kesamaan 42% sampai 92%. Produk RBT 1 menunjukkan homologi 
dengan xilanase bakteria yang lain seperti Pseudomonas fluorescence dan 
Butyrivibrio fibrisolvens (57% sampai 94%),  manakala RBT 2 menunjukan 
kesamaaan dengan xilanase dari F. succinogenes S 85 (xynC, cmc- xyl) 
(88% sampai 92%). 
VlI 
ACKNOWLEDGEMENTS 
Alhamdulillah, praise be to ALLAH, the most merciful and the most 
compassionate for giving me strength and comfort upon completion this 
research project and thesis. 
I would l ike to express my deepest sincere thank to my chairperson 
Associate Professor Dr. Abdullah Sipat, Department of Biochemistry and 
Microbiology, Faculty of Science and Environmental Studies U niversity 
Putra Malaysia for his excellent guidance, encouragement and constructive 
suggestions throughout undertaking of my study. 
I am grateful to my supervisory committee members, Associate Professor 
Dr. Khatijah Mohd. Yusoff and Dr. Hirzun Mohd. Yusoff for their support and 
discussions. 
I am indebted to the government of I ndonesia, especially to Agriculture 
Research Management (ARM-I I )  Project and Director of Research Institute 
for Food Crops Biotechnology (RIFCB) for their financial support and 
allowing me to do a postgraduate study in Malaysia. I also wish to thank the 
Government of Malaysia (Ministry of Science, Technology and 
Environment) for funding I RPA project of thermostable xylanase gene. 
VIII 
Thanks are due to my lab mates and colleagues in lab. 202 and 143 
especially Ainu,  Ong, Filza, Yusuf, Aneela, Gayah, Sieh Hie, Wong, Lau, 
Pria, Becky, Wawa, Dela, and Aini for their friendship and help which make 
my stay in Malaysia pleasant and had a wonderful time. 
Many thanks are devoted to my supportive parents, parents-in law and al l  
family members for all support and guidance. I dedicate this thesis to my 
beloved wife Lil is Sofiarsih, and daughters Nandina and Rininta, thank you 
al l  for your understanding, support and patience throughout my stay 
abroad. 
IX 
I certify that an Examination Committee met on 24th October to conduct the 
final examination of Yadi Suryadi, on his Master of Science thesis entitled 
"Determination of the Nucleotide Sequence of Recombinant Plasmid pBX6 
Containing a Xylanase Gene from Fibrobacter succinogenes S85" in 
accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 
and Universiti Pertanian Malaysia (Higher Degree) Regulations 1981.The 
committee recommends that the candidate be awarded the relevant 
degree. Members of the examination are as follows: 
RAJA NOOR ZALIHA RAJA A.RAHMAN, Ph.D, 
Associate Professor, 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Chairman) 
ABDULLAH SIPAT, Ph.D, 
Associate Professor, 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Member) 
KHATIJAH MOHO. YUSOFF, Ph.D, 
Associate Professor, 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Member) 
HIRZUN MOHO. YUSOFF, Ph.D, 
Fermentation Technology Centre 
Institute of Bioscience 
Universiti Putra Malaysia 
(Member) 
MO��HAYIDIN' Ph.D. 
Professor/Deputy Dean of Graduate 
School 
Universiti Putra Malaysia 
Date: 2:3 NOV 2001 
x 
This thesis submitted to the Senate of Universiti Putra Malaysia has been 
accepted as fulfilment of the requirement for the degree of Master of 
Science. 
xi 
AIN I I DERIS, Ph. D .  
Professor/Dean of Graduate 
School 
Universiti Putra Malaysia 
Date: 
DECLARATION 
I hereby declare that the thesis is based on my original work except for 
quotations and citations, which have been duly acknowledged. I also 
declare that it has not been previously or concurrently submitted for any 
other degree at U PM or other institutions. 
YADI SURYADI 
Date:24th October 2001 
XlI 
TABLE OF CONTENTS 
Page 
ABSTRACT . . . . . .  , ............ , ..... , ... ...... ... ... ... ... ... ... ...... ... ...... ... ... ...... ii 
ABSTRAK. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
ACKNOWLEDGEMENTS . . . . . . .  , ................... '" .. , ... ...... ... ... ... ... ... ..... VIII 
APPROVAL . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
DECLARATION . . . .. . .  , ............ , ..... , ...... , ..... , ..... , ...... ...... ... ... ... ... .... XII 
LIST OF TABLES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv 
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .............................. ..... XVI 
LIST OF PLATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xviii 
LlSTOF ABBREVIATIONS .. . . . .  '" ............................ , ..... ,. ... ... ... ...... xix 
CHAPTER 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I I  LITERATURE REVIEW . . . .  , ..... , ............ , ... ... ... ...... ..... ............. 4 
Xylan and its Chemical Structure . . . . .  , . . . . .  , .  '" . ,  . . . . . . . . . . . .  , . . .  . . .  . . .  . . .  . . .  4 
Xylanase . .. .. . . . . . . . . . . . .. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Microorganisms Producing Xylanasse . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .  ,. . . .  . . .  7 
Molecular Studies on Xylanase Gene . . . . .. . . . . . .  '" . . . . . . . . . . . . . . . . .  , . . . . . . .  9 
Cloning of Xylanase Gene . . . . . . . . . . . . . .. . .  , . . . . . . . . . . . .  , . . . . .  , .. . . . , . . .  9 
Sequencing of Xylanase Gene . . .  . .. . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  1 3  
Strategy for Nucleotide Sequence Determination . . . . . . . . . . . . . . .  1 7  
Primer Design and Construction . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21  
Bioinformatics and Sequence Analysis Tools. . . . . . . . .  . . . . . . . . . . . . . 22 
Search for Gene . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Nucleotide Sequence of Xylanase Gen. . .  . . . . . . . . . . . . . . . . . . . . . . . . 27 
Objectives . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . .. . .. . . . .. . . . . . .  , . . . . . . .. .  '" . . .  29 
I I I  MATERIALS AND METHODS . . .  . . . . . .  . . .  . . . . . .  . . . . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . . .  30 
Xylanolytic Plasmid pBX6 Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
General Procedure, Source of Plasmid and Culture Condition 30 
Crude Xylanolytic Activity, SDS-PAGE and Dot Blot ELISA. . 30 
N ucleotide Sequencing . . . . . . . . . . . . .. . . . . ... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  35 
Plasmid Extraction , Purification and Restriction Endonuclease 
Analysis. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Primer Walking Strategy, Design and Construction . . .  . . .  . . . . . . .  37 
Template Preparation and Cycle Sequencing . . . . . . . . . . .  , . . . . . . 37 
Preparation of Gel Casting, Gel loading and Electrophoresis 
Condition . . . . . . . . . . . . . .  , . . . . .  , . .. . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . ,  . . . . .  ,. . . .  4 1  
Autoradiography. . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . .  . . .  . . .  . .  . . . .  . . .  . . .  . .  . . .  . . . . . . . 42 
xm 
Deletion Mutation of Xylanolytic pBX6 Using PCR.  ... .. . . . .  , . . . . .  ,. 42 
PCR Condition . . . . . . . . . . . . . . . . . . . . . . . .. .  , . . . . . . . . .. . , . . . . . . . . . .  , . . . . .  ,. . .  42 
Subcloning of PCR Product. . . . . . . . . . . . . . . .  , . . . . .  ,. '" '" .. . . . .  . .  . . . .  . .  43 
Data Analysis . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . .. . . . . .. . . . . . . . . . ... '" '" .. . . . .  . . . . . . .  47 
IV RESULTS AND DISCUSSION . . . .  , . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  , . . .  48 
Xylanolytic Plasmid PBX6 and Its Properties . . . . . . . .. . . . . . . . .. . ,. . . .  . . .  48 
Nucleotide Sequencing . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  , . . . .  . . .  . . .  . . . . . .  . . .  . . .  . . . . . 57 
Restriction Enzyme Analysis of pBX6 . . . . . .  '" . . . . . . . . . . . . .  ,. . . .  . . . . . .  57 
Primer Walking to Sequence Pstl-EcoRI DNA Fragment. . . . . . . . .  60 
Restriction Enzyme Analysis . . . . . . . . . . . .  '" . . . . . . . . . . . . . . . . . . . . . . .  , . . .  64 
Prediction of the Putative ORF 1 and ORF 2 for the 
Xylanase Gene . . . . . . . . . . . . . . . . . . . .  , . . . . . , . . . .. . . . . . . . . . . . , . . . . .  ,. . . .  . . . .  64 
Comparison of ORF 1 and ORF 2 Deduced Sequence to 
Other Xylanase Genes . . . . . . . . . . .  , . . . . .  , . . . . . . . . . . .. . .. . . . . . . .  , .  . . . .  71 
Homology Analysis . . .  . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . .  . . . .  71  
Comparison between ORF 1 and ORF 2 Sequence. . .  . . .  .. . 73 
Phylogenetic tree for the Putative ORF 1 and ORF 2 . . .  . . .  . . .  77 
Analysis of Characteristic of the Putative ORF 1 and ORF2 83 
Amino Acid Composition . . . . . . . . . . . .. . . . . . .. . . . . . .. . . . . . . . . . . . .  . . . . . . . .  83 
Hydrophobicity and Stability of the Enzyme . . . . . .  '" .. , . . .  . . . . . 88 
Secondary Structure . . . . . . . . . .. . . .  , . . .  . . .  . . .  . . .  . . .  . . .  .. . . . .  . . . . . .  . . .  . . .  94 
Deletion Mutation of pBX6 Using PCR. . . . . . . . . .  '" . .. . . . . . .  . . .  .. . . . .  .. . . .  97 
V CONCLUSION . . . . . . . . . . . . .. . . .  , . . . . . , . . . . .  , . . . .  ,. . . .  . . .  . . .  .. . . . . . . .  . .. .. . . .. . . .  . ... 1 04 
REFERENCES . . . . , . . . . .. . . . . .. . . . . .. . . . . . . . .. . . . . . . . . . . . .  , . . . . .. . . . .  , . . . . .  , . . . . . ,. . . .  . . .  1 07 
APPENDICES . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . .. . . . .. . . . . . . . .  ,. . . .  . .. . . .  . . .  . . .  . .. . . .  . . .  . . . .  1 1 5 
ViTAE. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . .. .. . . . . . . . . . . . . . . . . .. . . . .  1 25 
XlV 
LIST OF TABLES 
Table 
1 Various recombinant plasmid from F. succinogenes S 85 
Page 
that express xylanase activity on E. coli H B 1 0 1  . . . . . . . . . . . . . . . .  1 0  
2 Oligonucleotide primers used in sequencing pBX6 based 
upon primer walking strategy .. . . .. .. . . . . . .. . . . . . . ... . . . ... . . . . . . . .. . 39 
3 Amino acid composition of ORF 1 and ORF 2 from F. 
succinogenes S 85 encoding xylanase gene.. . . . .  . . .  . . .  . . .  . . . . . 86 
4 Amino acid composition of xylanase from different 
prokaryotes. . .  . . .  . . .  .. . . . .  . . .  . . .  . . . . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  .. . . . .  . . .  . . .  . . .  87 
xv 
LIST OF FIGURES 
Figure Page 
1 General Structure of Xylan . . . .... . . .. ... . . .... . . . . ..... . ...... . .. ..... . .  6 
2 Restriction Map of Recombinant Plasmid pBX6 in pUC 1 9  
Vector Containing DNA Fragment Insert of 3 kb Pst1 -
EcoRI . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . ... . . . . . . . ... . . . . . . . . . . . . . ... . . . .. . . . . . . . . .  1 2  
3 Cycle Sequencing by Chain Dideoxy Termination Method ... 1 5  
4 Autoradiograph of DNA Sequencing GeL. . . . .  .. . . . .  . .. .. . . . .  . . .  . .. . .  1 6  
5 Scheme of Primer Walking Strategy . . . . .. ...... . .. . .. . . . . . . .... . . .. .  1 9  
6 Bioinformatics Flow Chart in Nucleotide Sequence ... . ... ... . .. 24 
7 Flow Chart for the Preparation of Crude Xylanase Enzyme 
Obtained from pBX6 by Centrifugation . . . .. . . . . ..... . . . . ... . .. . . . . . .  33 
8 Schematic Representation of the Primer Walking Strategy for 
DNA Sequencing .. . ... . . . ... . . . . . . . . . ... . . . . . . .. . . . . . .. .... . . . . . . ... . .... . 38 
9 Deletion Mutation of pBX6 by PCR . . . .. . .. .. ..... . .. . . . .. . . . ..... ... . 46 
1 0  Temperature- Activity Profile of Crude Xylanase . . . . . . ......... . . .  5 1  
1 1  pH- Activity Profile of Crude Xylanase .. . . . . .. .... .. . . . . . . . ... .. . . . . .  52 
1 2  Nucleotide Sequence of pBX6 from F. succinogenes S 85 
Coding for Xylanase Gene and its Flanking Regions. . . ..... . . . . . . 63 
1 3  Restriction Enzyme Map of the Total of Nucleotide Sequence 
of the Insert DNA ... . . . . . . . . . . . . . . . . . . . . . . . .. . . . ... . . . . .. .... .. . ... . .. . . . .. 65 
1 4  Scheme Representing the Putative Xylanase Gene on pBX6 
Sequence . . ..... .. .. . . .. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 68 
1 5  Similarity between Xylanase Genes in ORF 1 and ORF 2 of 
pBX6 Sequence. . .  . . .  .. . . . .  . . . .. .. . . .  .. . ... . . . . ..... .... . .  . ..... . . . . .. . .. ... 74 
1 6  Domain Structure of Fami ly Glycosyl Hydrolase F 1 0  in Amino 
Acid Sequence of pBX6 Encoding Xylanase from F. 
succinogenes S 85 (ORF 1 and ORF 2) based upon Pfam 
Analysis. . .. . . .. . . . .  .. ... . . . . . . .  . . . . . .  . . .  . . .  . . . . . .  . . . . . .  . . .  . . . . . . . . .  . . . . . .  . . . . .  75 
xvi 
1 7a Homology of F. succinogenes S 85 (ORF 1 )  Against Several 
Xylanase Family F-1 0 Glycosyl Hydrolase . . . . .  , . . . . .  , . . . . . .  '" . . . .  , .  78 
1 7b Homology of F. succinogenes S 85 (ORF2) Against Several 
Xylanase Family F-1 0  Glycosyl Hydrolase. . .  . . .  . . . . . . . . . . . . . . .  . . . .  79 
1 8a Dendrogram Similarity between Xylanase Gene from F. 
succinogenes S 85 (ORF 1 )  with Different Prokaryotes Using 
Phylogenetic Distance Analysis . . .  '" . .  , . . . . . . . . . . . .  '" . . . . . . . . . . . .  '" 81  
1 8b Dendrogram Similarity between Xylanase Gene from F. 
succinogenes S 85 (ORF 2) with Different Prokaryotes Using 
Phylogenetic Distance Analysis . . .  '" . . . . . . . . . . . . . . .  '" . . .  . . .  . . .  . . .  . . .  82 
1 9a Transmembrane Analysis of ORF 1 Reg ions. . . . . . . . . . . . . . . . . . . . .  90 
1 9b Transmembrane Analysis of ORF 2 Regions. . . . . . . . . . .. . . . . . . . . .  9 1  
20 Hydophobicity Profile of ORF 1 and ORF 2 Encoding 
Xylanase Gene from F. succinogenes S 85 . . . . . . . . . . . . . . . . . . . . .  92 
21 Secondary Structure Prediction of ORF 1 and ORF 2 
Amino Acid Residues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
22 PCR Amplification Product Using Primer Combination 
Fa37/F2Y for Deletion Analysis . . .  . . . . . . . . .  . . .  . . .  . . .. . . . . .  . . . . . . . . . . . .  99 
xvii 
LIST OF PLATES 
Plate 
1 Screening of Xylanase Activity of Recombinant E. coli HB 
Page 
1 01 (pBX6) on 2 YT + RBB-Xylan (0 .2%) + Ampicil l in ... '" . .  , 50 
2 SDS-PAGE of Polyclonal Antibody Derived from Crude pBX6 54 
3 Dot blot ELISA Using pAb to Detect Crude Fi ltrate of 
Xylanase . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . ,  . . . , . . .  '" . .  , . . . . . . . .  , . . . . . .  . . .  . . . .  56 
4 Agarose Electrophoresis of Plasmid pBX6 .. . . . . . . . . .  , . . . . . . . . . . . . . 58 
5 Restriction Digest of pBX6 Using Different Restriction 
Enzymes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
6 A portion of Sequencing Gel (at 660 Position in the Gene) 
Detected by Autoradiography. . .  . . .  ... . . . . . .  . .. . . .  . .. . .. . . .  . . .  . . . . . .  . . . 70 
7 PCR Product of pBX 6 Using Primer Pair Combination . . . . . . .  1 00 
8 Screening of Recombinant Colony after TOPO TA Cloning to 
PCR Product (Fa37/F2Y) . . . . . .  '" . .  , '" '" . . .  '" .. , . .. . .. . .. . . . . . . . . . 1 02 
9 C learing Zone of Recombinant Colony from PCR Product 
(Fa37/F2Y) . . .  ' " . .  , '" '" . . .  ' "  '" '" . . .  ' " . . .  ' "  .. , '" . . . . . .  ' "  . . . . . .  ' " '" 1 02 
1 0  PCR Confirmation Test for Fragment peR Product 
(Fa37/F2Y) . . . . . . . . . . . . . . . .  '" . . . . . . . . .  '" . .  , . . . . . . . .  , '" . .  , . . .  '" . . .  '" . . . . . 1 03 
XV1ll 
LIST OF ABBREVIATIONS 
A adenine 
bp base pair 
C cytosine 
·C degrees centrigrade 
DNA deoxyribonucleic acid 
EDTA ethylene diamine tetra acetic acid 
ELISA enzyme l inked immunosorbent assay 
G guanine 
g gravity force 
g gram 
h hour 
kb kilo base pair 
kDa kilo Dalton 
M molar 
MCS multi cloning sites 
mA mill iampere 
mg mil l igram 
min minute 
ml mil l i l iter 
mM mi ll imolar 
MW molecular weight 
ng nanogram 
XiX 
ORF open reading frame 
peR polymerase chain reaction 
pg pico gram 
pI isoelectric point 
RNA ribonucleic acid 
RBB remazol brilliant blue 
RBS ribosome binding site 
rpm revolutions per minute 
SO Shine-Dalgamo 
SDS sodium dodecyl sulphate 
s second 
TAE tris acetate- EDT A 
TEMED N,N,N,N' tetramethyl-ethylene diamine 
T thymine 
Tm temperature of melting point 
U unit of xylanase activity 
Jlg micro g ram 
JlI micro liter 
JlCi micro Curie 




Xylans are heterogeneous polysaccharides found in the cell walls of many 
plants species (Wong et a/. , 1 986) . They are important in their structural 
roles, being applied as polymers in biomass conversion and other uses 
(Fry, 1 986; Mishra et al., 1 989; Wong and Saddler, 1 992) . Complete 
breakdown of a branched xylan requires the action of endo �-1 ,4-xylanase 
that attacks the polysaccharide backbone and exo � - 1 -4- xylosidase that 
hydrolyses xylo-oligosaccharides to xylose (Gilkes et a/., 1 991 ) .  They play 
an important role in physiological plant tissue and plant defense 
mechanisms (Esteban et al. , 1 982). In addition, xylanases are also used in 
the food and feed industry (Wong et al. , 1 988). 
Enzyme hydrolysis using microbial xylanase is most efficient. Several 
enzymes, which are capable of degrading xylans, have been isolated from 
bacteria, yeast and fungi (Gilkes et al., 1 991 ) .  Although extensive work has 
been carried out on the purification and characterization of xyJanases, more 
studies at molecular level using recombinant DNA techniques have only 
been carried out recently (Coughland and Hazlewood, 1 993). The rumen 
bacterium, Fibrobacter succinogenes subsp. succinogenes S 85 
(Montgomerry et al. , 1 988) (previous name: Bacteroides succinogenes), is 
one of the best xylanase producers. Its xylanolytic complex has been 
investigated (Sipat et al., 1 987; Malburg et al., 1 993; Ozcan et al., 1 996) .  
Sipat et al. , ( 1 987) cloned a 9 .4 kb gene fragment into pBR322 from a 
genomic l ibrary of F. succinogenes S 85. This recombinant plasmid pBX 1 
expressed xylanase activity in  Escherichia coli H B  1 0 1 .  Matte and Forsberg 
( 1 992) purified two endoxylanases from F. succinogenes, which d iffered in 
substrate specificity from the enzyme coded for xylanase gene cloned by 
Sipat et al., ( 1 987). Malburg et al. , ( 1 995) has demonstrated that multiple 
xylanase genes were possessed by F. succinogenes S 85. Coughland and 
Hazlewood ( 1 993) have also shown that m ultiple xylanase genes are 
produced by a large number of hemicellulolytic fungi. 
Studies on xylanase function and structure may be useful in  determin ing 
the efficiency of microbial xylanase. It comprises various combinations of 
functional elements; such as catalytic domains, cel lulose binding domains, 
l inker regions and repeated sequences of amino acids. I t  is possible to 
group xylanases into fami l ies according to conserved amino acids 
sequences in the catalytic domains (Henrissat and Bairoch, 1 993). All of 
the xylanases so far, have been characterized which fal l  into two classes; 
xylanases, which have high relative molecular mass-low pI class, and 
xylanases, which have low molecular mass-high pI class (Wong et al., 
1 988; Henrissat and Bairoch, 1 993; Iyo and Forsberg , 1 996) . 
More detailed study of recombinant plasmid derived from F. succinogenes 
S85 carrying xylanase gene is stil l  necessary to increase its effiCiency in  the 
industrial application. Molecular aspects such as cloning and sequencing 
2 
are useful tools to obtain the nucleotide sequence involved in xylanase 
gene product, hence allowing manipulation of the enzyme for various 
purposes (Malburg et al., 1 993) .  
Recombinant plasmid pBX6 consists of the vector pUC 1 9  with a 3 kb  DNA 
insert from F. succinogenes S 85 that was previously cloned by Sipat et 
al., ( 1 987). This thesis reports the study and characterization of plasmid 
pBX6 encoding xylanase activity from F. succinogenes S 85 by determining 
the nucleotide sequence and its deduced amino acid sequence in order to 




Xylan and its Chemical Structure 
Hemicellulose polysaccharides are the major structure component in the 
plant cell walls which represent an important energy source for the host 
ruminant (Dekker and Richards, 1 976; Wil l iams and Withers, 1 992). 
Hemicelluloses are generally a mixture of xylans with small amount of 
various mannans, which can be obtained by a lkaline extraction of forages 
and woody biomass (Hespell et al. , 1 987). 
Xylans are generally represented as complex heteropolysaccharides whose 
structure varies in nature and degree of branching f3-1 ,4-linked 
xylopyranosyl main chain. They constitute at least 30% of dry weight in 
plant cell walls. The general features of the xylans are given in Figure 1 .  
The typical of xylans may derived from various structural type; l inear 
homoxylan (no side chain at al l) ,  arabinoxylan (has only one side chain), 
g lucuronoxylan (has a D glucuronic acid or 4-0-methyl ether derivative) 
and g lucuronoarabinoxylan (has a L arabinose, a 0 glucoronic acid and 4-
0- methyl a 0 glucoronic) (Josselau et al., 1 992) . Xylans may interact with 
cellulose, other polysaccharides, and l ignin hydroxycinnamic acid through 
various covalent l inkages and non-covalent secondary forces (Ethier et a/. , 
1 994) .  The end product of xylan hydrolysis using alkaline or  enzyme, can 
